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Technical Note No. Aero 2220

January , 1 953.

ROYAL ATRCRART ESTABLISEMENT, FARNBOROUGH

The study of stability at wansonic speeds by free flying models.

Tests on a tailless aeroplane with 45° delta wing (E27/46)

by

T. Lawrence
and
R. Harmer

‘RAE Ref: Aero/7510/TL

SUMMARY

Five models of a tailless layout having a cropped 45° delta wing
(the Boulton Paul Delta layout - L27/46), in which the short period
oscillation was excited by smell dlsturbing rockets, were flown in the
range 0,8 < M < 1.4. TFrom measurenants of the frequengy and damping of
the oscillations, the vardations vith Mach number of 1lift curve slope,
acerodynamic centre position and pitching damping have been deduccd, and
are oampared with measurcments from other sources.
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1. Introduction )

Towards the énd of. 1950 , consa.derable 1nterest was "aroused locally in
the pOS“J.'blllt‘y that ‘some of the plaiiforrs being considered for transonic
and supersonic flight wight, in the tailless layout at transonic speeds,
exhibit negative damping of the longitudinal pitching mode. A conceptrated
theorotlcal and experimental attsck has since been made on the problen, and
the proesent nofc describes the work done on the Boulton Paul Delta layout
[E27/46 - a 45° delta cropped to a tapcr ratio of 0.125] using the frece
flight model techniqud,

2" Theory of the Exper‘::mént

The philosophy behind an experiment based on a study of the short
period longitudinal motion of a free flying model has been discussed at
length in Rc1.1 . For analysis purposes we assume, during any oscillation,
t“hat thé model is flying at constant specd in a constant atmosphere at
constant mean Cr, and that the derivatives are constant and linear..

The natural frequency of the short period oscillation can then be vaitten
(Ref.T, Bqn.9)

Y

o M g '.2‘ .

- 1y Dy m‘

(’)n - '\ A *
£ ;i 1:5

Novr, especially for tailloSS:;a;routs, By My << Mg, whence

- 2 Ty
[wn 'b] =, p. _—
i
and thus
. =2 ,
2y 33 N o,
vhere . i = u_E
: v
- e ,
wn = (.dn -{]-_
" agy,
o= da

n

manoeuvre margin

£
1}

and

~aG, :
~| ==+ h| opprox.

aor,

i

Thus from tests on two modcis with different.C.G. positiens, it should
be possible to determine both the 1ift curve slope and the manoeuvre margin,
and hence the aerodynamic centre position.

Direct measurcient of angle-of-attack on the model allows an ixpmediate
determination of lift curve slope &4, and hence the same infcrmation as

before can be obteined from onc modcls An an gle—~of-attack meter has been
developed and is now in production, but it was not availatle when the
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present experiments were made. However Voepel has shown? that the 1ift
curve slope can be computed from comparison of thg records of two longi~
tud:mally dlsplaced accelerometers. We can write“ .

. Vw . . s ‘ . K ' . }
dl_a } . g ' . wnd. » R . .)

) =2
v 2 a1
X {1 R %% %a T g2 )]

. fwhere R is the sca.le ratio be’cween two accelerometers displaced by a

distance d, -and ®g is the phase difference between their readings.
It will be seen below that we were unable to measure ‘Pd with stﬁ‘fn.cient
accuracy, and it was computed from the relation

sin (cpd+ 25) = R (sin 26-%9).

It can be showm (Ref.z Eqn.5) that

o o & g
w o da v ’
and we have used the appmid:}nation
4
zZy = =% [8q + Cp]
X e 12' a,] .

The orthodox approach to the longitudinal stability equations gives,
for the damping of the short period oscillation [see for example Ref.'l s
Eqns. 10 and 13] -

m'
2)\-‘5 = . Z’W - —19'
ip
N - . — - - 1 3
whence my = 22t ig -z oq ig.
m:, = mq + my ig in fact what is measured in a tumel mcasurement of the

damping [see for example Ref'.}] . PFurthermore, it should be noted that the
motion of an actual aeroplane is damped by a cambination of pitoching (m-)
and plunging (z.,‘,) modes, whage relative importance is governed by the
pitching J.nert:.a (1B) It is thus important in the model experiment that
the inertla be not too far avay from the aecroplane value, if in the limi~
ting cases the significance of the pitching and plunging modes are to be

- oorrectly assesseds This point is discussed later.

If h be the pogition of the axis of rotation on the mean chord,

then mé is a guadratic functioh of h, and we con, following Viarren
write ‘

-~
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where ms  is the maximum value of ms and occurs when h = H, *  The
)

Tree flight damping measurements erc made at’ a different axis position for

each model ( corresponding to different C.G. positions) and before they can

be compared the values of my  sust be corrected to the same axis position, .

At first sight it vould seem reasonable to reduce the results to show the

variation of my  and H with Mach number. However H varies signifi-

cantly from subsonic to supersonic, and since in the acroplane case the
value of h is fixed for all speeds, we have elected to correct the
experimental valucs to a constant valuc of h. Ve have chosen h =0.556c¢,,
since. this is the axis positvion at which most NPL work has been

done; in passing it should be notled that this is aft of the low speed
aerodynamlc centre, ive. it is wwread for an o.eroglane.

In practice the damping rf;sulés shoved consi'derable scatter, and the
calculation of ms and, H from results at two C.G. poslitions was not
o]

possible. Between 0.7 < I < 0.93 ~re have used NPL results on models with
two axis ooui'bions5 to calaulate H, and for 1.75< M < 1.)4. we have used
Refelie The debadils are further discussed below.

3 Experimental Method

The experimental technique was developed concurrently with the present
experiments, vhich suffer in consequcnce. Tests were made on 5 models
having three different "fuselages", but all models had the correct gross
planform of 1 RAE 102 section; all 5 tests are reported here because it
is believed the results obtained are relevant.

The experimental method vas to study the short period longitudinal
motion of a free flying model; in particulor, to study the frequency and
damping of the motion, as displayed by accelerometers mounted on,and
longitudinally displaced from, the C.G. of the model.

The fuselage of the modei toolt one of 3 forms:-

(a) Originally, on Hodel 1, the fuselage was a simple cylindrical
body 5 inches diameter with an oglval nose 3 calilbres loug,
and carrying two flat-plate yawing-plane stabilising surfaces
(Pige1)+ - This body was laid out so that the wing planform could be
changed systematically without the fuselage line chord extending
forward onto the ogive.

(b) Subsequontly, for lodels 2 and 3, to meet criticisms that the body
vos unreally long for a tailless layout, it sms shortened by
0,75 calibres (Fig.1). This also substantially reduced the
pitching inertia of tho models (by as much as 20%) which made
them nearer the aircraft case (see below).

(c) -On'Models ) and 5 the E27/46 fuselage vas fairly faithfully
'reproduoed,l but without cabin and dorsal fin (Figel).

-

* In Warren's notation, it can be showm that H = % <h.1 +hp + i)

w
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In all cases the fusclage housed a.telemetering set with its trans-
ducers and pover supply, fecding to aerials sct in the trailing edges of
the yawing-plane fins, and a number of disturbing rockets vith their
associated firing circuit and timing- clock. Various forms of tolemetoring
set were used (sec. Tablc I).

AL vings werc of RAE 102 scetion and the same gross blanform, a 450
dclte with the tips cropped to give a gross taper ratio of 0.125 ond gross
aspect ratio of 3.11.% .

Table I scts out qll the models reported here; and gives lecading
particulars.

The models were boosted to a maximum specd of about 1500 fps, using
the scparating round technique with a single tondem hoost rocket. The
model usually got an initiol disturbance at scparation and the 4 or 5
disturbing rockets wrerc subscquently fired,, o_riginally at approximately
1 second intervals, but later ot approximately z second intervals, in an
attempt to bracket the range 0.8 < M < 1.1. :

L Analysis Mothod

The trajectory was caleulated by triangulation from Askania kine
theodolite rccords of ‘the flight; the true air velocity was obbained
usually by differencing the trajectory caloulations corrected for obscrved
wind component, and for some moduls this wos checked or extended by the
use of velocities given by thc Recd Doppler instrument, or by integrating
a telemetered longitudinal accelorometer. Mach nurber was calculated from
the observed altitude history and obscrved mceteorologicel conditdions.

The mothod of detcrmining the freguency and damping of an oscillation
has becn described pruviouslys. In addition, in the present instance, when
analysing models carrying two longitudinally displaced accelerometers, it
is necessary to determine the phase differecnce and scile ratio between the
two oscillations2.’ As in Ref.6, the determination of the phase difference
by comparison of the uxtrapolatud times of "Peak OY (refer to Fige8 of
Ref.6), yiclded no uscful result, and we were again compelled to resort to
computing the phasc diffcrunce (scc parc.2). The natural logarithm of the
scale ratio is conveniently given as the vertical separation of the two
camping ;’urves plotted logarithmically (a typicol pair of curves is shown
in Fig.8 . y

5 Results

5.1 Analysis of frequency data
In Fig.2(a) ore plotted the frequency data for all models in the form
opi. 3.2
wig e, = o H

vhere H; = mancewrc margin. The models fall into three groups,
according to the C.G. position. Betwoen models 1 and 2 the effect of

* The true'B27/46 planform is cropped t© A\ = Os1k4, & = 303, with some
slight rounding of the tip in planform. This is because the present models
were originally laid out with nctt half wings equal to E27/46 gross half
wings. The differencc corresponds to our models having a gross span about
130 tqo larges In all comparisons included in this note the differences
arg ignored, i.c. acrodynamic centres for example are quoted relative to
the same centre linc chord position.

-6 -
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0.C05 ¢ change in C.G. positicn, (corresponding in the worst case, at
subsonic speeds, to a chenge in &y H, .of about.36), camnot be separnted
from the effect of charging the length of the body-.and scatter, and
between models 3 and 4 the effect of a change in body. type cannot be
detecteds -~ - T . _

Now the difference between any two curves in Fig.2(a) is due to a
constant change in margin ' AH,, hence from this difference the value of

can be deduced, However the value of oy -so deduccd,Fig.2(b), when
applicd to cach curve in Mig.2(a); must givo a Gonsistent valuc for the
aerodynamic centre position (H, + h), Pig.2(c). Consistoncy was achicved
as follows;- .

(1) Ourves werc. skctched in through the experimental points in
Fig.2{a), S '

(ii) Usingthose curves in‘pnirs, 3 curves for oy were deduced,
ond a mean dravm = Fig.2(b5 ,

(i4i) Using this mean value for oy ond the experimental values in
.0 Pig.2(a), the acrodynomic centre position corresponding to
" each experimental poini was computed - Figs2(c). Through these,
a mean ourve was drawn, ST T e

(iv) Using the meon curves from Figs. 2(b) and 2(c) the curves
corresponding to thc czperimental conditions were computed
and dravm in Fig.2(a).

After some preliminory tricls and adjustments, the curves shown in
Fige2 were arrived ate It should be cmphasised again that the curves
dravm are self consistent. This set attaches full weight to an experi-
mental point for model 5.at M = 0,93 and a point from model 3 at M = 0.97
which seen low, at the expense of attaching less weight to three other
points, one ‘cach from models 1, 2 and 3, at slightly lower Mach numbers.
To get all these points to lie on the curves vould require some rather
ropid oscillations in Figs. 2(b) and 2(c), and bearing in mind the experi-
mentel limitations, we did not feel justified in trying to delineate these
oscillations frem our data, cven assuming they cxiste

Now although,: cxperimentally, the two points -accorded full veight in
the above analysis scenm well established, the effect of according them
less woight seamed vorth investignting. Fig.3 shows an cnalysis in vhich
this has been donec. The process was precisely as described above, and
again we draw attention to the fact that tho set .of curves shom iIs self
consistent. ‘ . . . o

The results of thesc two analyses for ay and aerodynamic centre are
shoyn in Fig.5. The differonce in & at supersonic speeds, about 105,
is a reflection of the reliability of the anolysis, and this inevitebly
gives a change in acrodynamic centre position, in this instance of about
0.04 3. Shown olso in Fig.5(a) arc five points calculated from two dis-
placed acceleromcters in model 5. The poor agrecmont with the deduced .
ourvos, of two points at sbout M = 0.85 and 1409, cannot at this stage be
adequately explained. Shown olso arce curves obtained in the RAE High Speed
Tunnol/ .and by the RAE Wing Flow Technique (unpublished). These two latter

- pesults show good agreement with .onc another, but they show. poor agreement

with the present frce flight rosults The main differcnces between the
oonditions of tho threce tosts are shown below. ) ‘

-
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CONNBENTIAL
.. Tech Note No. Aero 2220
| Test Method |- Model Rat M =0s9 |
Free flight | Complete with body | 6 x 108
H. 8.1 | Half model with hody | 1.8 x 106
’ Wing Flow . | Half model:with body | .1 x 10°

. 5.2 Analysis of dauping ‘data

As . described in para.2, we have calculated mj “from the expression

-my = 2_7»% ig ~ % 8y ip.

’

In Flg. 4(a) two sets of po:.nts are shown; - for the large symbols we have

- uged’ & from Fig.2(b), and for the smill symbols from Pig,3(b) was

ugeds 'The difference is within the exper:.mental scatter, except in the

. range. 0:H < M <.0.95 where the variation in is greatest. . For future
- manipulations we have adopted ay from Fig.B(g}

_ As shown above, it is necessary to correct these values of mb to
the same axis position. Writing

- 142
my = mp (H-1n)" 2z

the adopted variation of H is shown'in Pig.4(c). In the range 0.7 < M

<0.97, H was deduced from the NEL°results in Ref.5. Although these have
been superseded by later resultsS® obtained in a tumnel with slotted vwalls,
they do give measurements for two axis positions, so that H may be.
deduoed, and furthermore the valuc of H so obtained is in good agree-
ment with that deduced from low specd tests by Moss’/.. At supersonic

. speeds, H was computed from Ref.4. In common with so many linearised

theory results, the valuc given near M = 1 is scarcely plausible, and we
have assumed an arbltrary variation as shown in Fig.4(c).

Us:’mg Figol;.(c), the measurements (small symbols) in F g.h.(a) were
corrected to the axis pOsitLon uscd in the latest NPL work® namely

© 0s556 ¢, = 0363 ¢. - It is possible to draw a fairly connncing curve
' through these corrected results, FigeL(b), from which there are only two

large deviations.

In Pig.5(c) the value of m§ de g.ced from the present experiments
is compared with Bratt's. la.test values '

L6 D:Lscussion .

" 61 The exgemt

cqnparison of the present results with those obtained on a model w’ith

. actiatoed tailplaned shows immedlately the superiority of the latter method
- of, exciping the osaillation. Firstly, there are more disturbances to

hmiwse {more. closely spced in time and hence Mach.number) because the

‘present disturbing rockets are so large that an adequate mumber cannot be

fitted into the model. Also the oscillations are more cleanly excited,
beocause the tailplanc moved in much less timo than the firing time of
the disturbing rockets |

-8 -
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It is. doubtful whether even the method of Ref.6 would give an adequate
record for a model-such as the present, where bath. &y .and the aerpdynamio
centre position apparentiy change rapidly with Mach number. It would be
desirable to have g model with a lower drag/weight ratio, so that it passed
more slowly through the critieal region, . In addition the frequency of the
oscillation should be high, so that only a short time of oscillation gives
an -adequate number of oycles to analyse, and this should be obtained with
a low inertia rather than a high manoeuvre margin otherwiss the deter—
mination of mé and. the aerodynamic. centre position suffer.

. . Instrumentally, the cxperiment can be done from one model alone pro-
vided a measurement of either angle of. attack, angular velocity or angular
acceleration is available, so that lift curve. slope can be determined

“directly (a longitudinally displaced normel accelerometer as. used in
model 5 is the equivalent of an angular accclerometer). The development.
ef all these methods is in hand, but further cxperiende is required before
any useful comment can be made. e o .

The determination of phase angles secms to0 be beyond the present
telemetering set. This ariscs apparently from the impossibilify of maldng
an adequato simultancous comporison of two different.instruments. We shall
. have to rely, on calculations of phasc angles, or methods that do.not rely
on phase measurcment. . : ' oL e SRVRTE

6.2 . The results

" The lé}ge differenoes between the present resulis and those »oﬁtained
by more entrenched techniques (Fig.5) sends one scarching for an
explenation, . . S .

‘ Brﬁtt'_s carlier workd showed that the damping s xfezy d‘epmde'nt' an

n ny
values of ;n for’ the present models are plottéd in Fig.6, and we fecl
fairly secure from this pitfall. L

redicod frequency | w, = w 2> below ;n 8 0.01.,5.‘ The appropriate

The experimentel results do not show any large body effect, nor does
it seem canceivatle that the small differences in the gross planform (as
mentioned above, to get the wing used by Bratt we would crop the span of
our model by O.30" por wing tip) could be responsible. Our 1lift curve
slopes are, at high subsonic speeds, too high. Assuming the mean O
of our models to be zoro (as wes very nearly always true) then Fig.7
shows the range of OCp over which the models oscillated in the present
tests, iee. at M = 1 for example, we have analysed the oscillation dwring
the decay from about Of, = & 0s15 to about Cp, = + 0.02. Looking at the
1ift ocarpets for this model given in Ref.11, this may be an explanation
for the difference in &) between the prosent tosts and those obtained
in the High Spcod Tunnel, i.e. the 1lift curves are markedly non linear,
ay (O =+ 0.05) beingless than oy (Op, = & 0.2) espoecially at M > 0.85.

The aerodynamic centre position (Fig.5(b)) is also affected by the
1if+ ourve slope ohosen for the analysis of the frequency data. At super-
sonio speeds, thc 1ift ourve slope and aerodjmamic .centre position obtained
in the wing flow experiments give frequoncy variations that, in Fig.2(a),
agree woll with those measurod on models vith an aft CeGe position
(models 3 and 4, h = 0,261), but there is a disarcpangy that inoreases
as tho axis moves forward until for model 1 (h = 0.075) the measured value
of oy Hy is too low by ebout 0.2, A similar discrepangy ocours at sub~
sonic speeds. The oonclusion is-that the axperimental date are at
variance with the wing flow meuwwn:ts. )

-
- - 9."
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Turning now to the variations of mhs more serious discrepancies
ooccur (Fig.5(c)). Again, the determination of mg from the damping
measurements depends on the value of ay. However, assuming the damping
meesurements to be correct,. agreement in my at M = 0.9 where the biggest
discrepancy arises, can be obtained only by assuming a smaller velus for

than we have used; the value used in the manipulations to give
from the measured damping is greater than that given by the tumel end
wing flow measurements (Fige5(a)).. The effect of using the wing flow
measurements of a4, with the present measurements of damping, is to
raise the deduced veluec of -m3 by about 0,25 between 0.8 < M < 0.9,
and to lower it by about 0.4 in the supergonic region (Fige5(c)). The
final curve is in no better agrecment with Brett's tests. The only
plausible change that would bring better agreement between the present
and NPL results for mj would be a large forvard shift of HE (Fig.4(o))
so that the subsonic correction for axis position was of the opposite
sign. Note again that there is good agreement between the values of Ho
deduced from Refs. 8 and 9. '

7. ~Conclusions

On the experimental side, it iz clear that a much greater number of
disturbances per model are required or more identical models. This demands
either a much smaller disturbing rocket (so that an adequate number can
be housed within a model of reasonable size) or that the disturbance be
excited by actuating an elevon (or tailplane). Instrumentally, an all -

: round improvement in the telemetering equipment would give greater confi-
[ dence in the results. .

Aerodynomically the indicated variations with Mach number in 1ift
curve slope, aerodynamic contre position and pitching damping are greater
than those obtained by other methods. More weight should be attached to
the trends showm by the. present experiments than to the absolute magnitudes,
but it scems most improbable that all the discrepangy between the present
tests and other tests can be dwe to experimentel error.

8 Notation

2L

lift ourve slope - pcr radian
b wing span - feet
; B pitching moment of inertis - slugs £t°
° mean wing chord - fe.et'
j - 8 /o
! S, centre line chord - feot ’
C,  lift coefficient
Cp dreg coefficient
Gn pitching moment coeffiaient '
a longitudinal displacement of two accelercmeters - feet
| g grevity constont - £t/soc?
| h position on ¢ of centre of gravity
H position on © at which mj is o meximm
-q0 -
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manoeuvre margin stick fixed -

da
R - -—% + h
dcy,
inertia coefficient
_ g A 52

pitching moment derivative due to

g .0

pitching moment derivative due to

e

pitching moment derdivative due to

e

pitching moment derivative due to
= Ty * mw.f |

maximum velue of my, occurs when axis of rotation is at H
Mach number

normal acceleration - gravity units
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a;rodynaxnic time ~ secs
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) normal force derivative due to w
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non dimensional damping
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TABLE I

Details of Models

| Gross wing area - square feet . 8 2.7k
| Gross mean chord - feet c 0¢937
% Gross espect ratio A 311
' ' Gross taper ratio A 0125
‘ ‘r Leading edge sweepback 4, 45°
Section RAE 102 7 = 0.10
Centre line chord - feet e, 14667
L.E. mean chord ¢ aft of L.E. chord ¢, - feet 0.587
L.E. mean chord ¢ as fraction of chord c, 04353
) Model A 2 3 b 5
Weight ~ 1b Wl 37.8 4.6 42,8 30.2 38,2
Pitching inertia - slugs P2 B | 0,930 | 0.657 | 0.646 | 0,390 | 0.547
i = Bws? 00902 | 0.578 | 0.552 | 0.475| 0.525
B o= Wgo83 197 216 222 | 163 203
C.G. on ¢, 0.462 | 0. 14.65 0.499 | 0,500 | 04395
CeG. On © hi 0.19L | 0,199 | 0.260 | 0.262| 0.075
-1l -
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TABLE TI

Tech Note No. Aero 2220

Body Dimensions of Models 4 and 5

(Dimensions in inches),

Distonce Af't Minor Axis Mo jor fxis
of Nose
1yt ty! ‘z!
2,70 3.30 5065
3409 3.5 5078
3,67 379 2+ 92
6495 4486 6. 32
9.09 5,26 6439
10.81, 5ol 6.35
12.87 5¢52 6422
13,36 5452 6.18
15.49 5ol 5¢93
17.62 5.22 5460
19.75 492 5¢ 20
21.88 L4e53 Le73
26.14 3470 3470
31495 1.80 1.80
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CONFIDENTIAL



28098.0.

) I‘ MODEL |
400 N 7

078 MODOELS 2 ¢3
ﬂ
T
— % (T
,\ ’ B

' CROBS - SECTION
OF BODY I8 AN
MODEL® 4 ¢S ELLIPSE
(ee TAn IT)

ALL DIMENSIONS IN INCHES,

s

578

l FIG.I. DETALS OF MODELS.




MARK | MODEL TN.AEROD. 2220.
3 1 .
+ ] e : ¥ FIG.2 (abec).
4 3 O- 260
I’y & o 262
® 5 0:078
. :
t G.Hm 0-078 7 f \.\{
| ' /4 '/—i.\.k\ - x —
! 1:/ \\\/(- — _-" .\“"\.
' 0:196 -+~ ‘/ \J, = *\ —*
L ), e
0-26|-ar &8
f
(+]
o7 o8 09 10 I\ e r3 ‘4

- MACH NUMBER

(@) VARIATION OF @, H,, WITH M.

8
()
| Q, /\
P
| '\
2
(+]
o? o8 09 1-0 3] re *d (L]
MACH NUMBER :
(b) VARIATION OF a, WITH M.
E 0'. X
it 1Q T
o . a
go
z% o6 v
w @
.
g
< J ) ’
By
g o2
2 o7 o8 o9 10 ) re r3 e

. MACH NUMBER
(C) VARIATION OF AERODYNAMIC CENTRE WITH M.

FIG.2.(abec). ANALYSIS OF FREQUENCY DATA
FIRST ATTEMPT.




s Y I Rk g e

o

£8100. 8.

T.N.AERO. 2220.

FIG.3 @bec)
20
+5
[« T | \o\\
0 N —
R
o5
°0'7 (o} 09 (~) ¥} 12 +3 4

MACH NUMBER

@ VARIATION OF Q, H,, WITH M.

/\\

°°'7 o8 09 2 -3 L]

IO )
MACH NUMBER

(b) VARIATION OF a, WITH M.

' ® (.1 ] 08 ‘5)
o a w
L« <0
z [*] =X 4
85 o6 u 0759
6 —'_—#T'\, o
OW v g *"ﬂ. v
Q W
3 _o-ng
§ % o4 ¥ Eu_
8 N P24 N Z0
Q
g% os 8¢
02 <
0-7 L E ) (3] i 12 (-3 14

MACO:QO NUMBE'R
(C) VARIATION OF AERODYNAMIC CENTRE WITH M,

FIG3(@bec)ANALYSIS OF FREQUENCY DATA

SECOND ATTEMPT.



T.N. AERO. 2220.

X a, As IN Fig.2 (b) F|G4(0'C)

x a AS IN FIG.3(b)
SYMBOLS AS IN FIG. 2.

1] ] ]
X X
™35 %
K o
°1° v v X
! 8
00'7 o8 X O 0 ’* ] re ) |4
a"‘ MACH NUMBER
-0'3 % Ly
-1-0 T

(Q) VARIATION OF EXPERIMENTAL ™. WITH M
X

0
X
oS \
y_/x'
e /‘ L— &
o
o7 08 & 09 7 10 e V2 '3 T4
MACH NUMBER
=05
-1-0
lcorRECTED To 4= 0-556cA033d
-8 f l | -

(b) VARIATION OF CORRECTED ™, WITH M

o | l
DATA CORRECTED 7O
HE {exe’'t Rer.5 | THIS AXIS POSITION
o's ==
\l
- .
|- EE!! r © N
° I 3 -4
o7 o8 o I'0 T~z T
MACH NUMBER !
THEORY REP.
=05 :

(© ASSUMED VARIATION OF H WITH M
FIG. 4.(a-¢) ANALYSIS OF DAMPING DATA.




T e e - a E H

A i

wpr

T T g o e e

28102.8.
e CONFIDENTIAL T.N. AERO. 2220.
o wooxS ) pmex . FIG. Q,blC)
Fia. 3p J MO
— — RER.7 W8T,
6t ____ WING °
FLOW
4 — = A e
a -7 —_—
' | rébo : 1.
2
o
) oz o+ o6 o8 ) 2 T4
MACH NUMBER
(@ COMPARISON OF a, MEASUREMENTS.
09 :
w Fla.2c
FiG.3C
§ v oq f -k/*"‘
uj ‘%
QL J !
S . f-==-t--
£ (o) 04 !
2 ad J
[ REF. 7, __I=- [TWiNe FLOwW
g 2 — e nm— -—"&
< o2
) o2 o4 06 o ) r2 14
MACH NUMBER
(b) COMPARISON OF AEROODYNAMIC CENTRE POSITION.
B T
{REFJO
1| FuLL DELTA
/
|
-'"\o ,‘ [ ,REE 8 FlG.q'(Q
o Wik |
0'5 o - “' L
rero | A
\ .~
oo o2 o4 ) o8|, o /\." “ 14
MACH NUMBER .
08 3
ASSUMING WING
V FLOW VALUES
FOR o,
-1-0
©) comPariISON OF ™4.
FIG.5.0psc) COMPARISON OF RESULTS

FROM DIFFERENT SOURCES.



=3 | e

YT T T T e

T.N. AERO. 2220.

F'GO 60. 80

ol 1;
- ® (Y [ ]
W L/ [ ] + a

N A *s + + +
0.05 A Z 7 x L
o
07 o8 09 ) 1 -2 13 I'4

MACH NUMBER

FIG.6. VARIATION OF REDUCED
FREQUENCY DURING OSCILLATIONS.

03
2>
o2 g~
e, ”’7777»77,77_”7%

ol A ar o T

APPRONIMATE RANGE OF C_COVERED BY
tceo ., ) MODEL DURING OSCILLATIONS
1//////1/ Y L.,
° ' /f ¢ IIII/IJI '1111/
07 o® 0® 10 it Ire I3 ‘4

MACH NUMBER

FIG.7 VARIATION OF LIFT COEFFICIENT
DURING OSCILLATIONS.

\‘\\:
Ny
QL

\;\

%
0 N
o 2 4+ 6 8 o Iz
PEAK NUMBER

»

FIG.8. TYPICAL PLOT SHOWING

DETERMINATION OF DAMPING AND
SCALE RATIO BETWEEN TWO
ACCELEROMETERS.



DETACHABLE ABSTRACT CARDS

These abstract cards are inserted in RiE Reports and Technical Notes for the conven-

ience of Librarians and ethers who need to maintain an Information Index.

Detached cards are subject to the same Security Regulations as the parent document,

and a record of their location should be made on the inside of the back cover of the

parent document.

TYIINGIIINOD

*S00AN0S J9YL0 WOJJ Sauduiaanseaw YIim paxeduod

aJde pue *paonpap uaaq oavy Burduwep Sujyolid pue uolafsod oJ3udd
ojureuApoJde ‘adors SAIND JIT JO JOQUNU YOTH Y3 JM SUOJITIJICA
aya *suojaerr}oso oya jo Sujdwep pue Aouonboaj oYz Jo SJudW
~3JNSead WOId  *F°L > N > g°¢ oBupI 3yl U] UMOTJ BJdM ‘$3aM00d

TVIINIIINOD

*S$304N0S J3Y10 WO Squdmdanscom Yk pagcdwoo

aJe pue ‘pdonpap uaaq oacy Bujdmep Bulyoard pur uolsSod adquac
ajucuApodae “odors QAN AJTT JO JOQUNU YOTJ YA IM SUOJICTINA
Qyq “SuojqeTT joso 9yl Jo Bujdwep puv Loudnbidal Ol JO SquoU
~3JNSTAM WOLd  *p°L > H D> °0 93uCJd 9yl U] UMOTJ OJOM ‘Sqdpod

g2 i-get TQIMSIP TTEWS £q Pa1foOXa sch. uolIeTT19S0 pojtad qaoys ays c-2 Lg°l furqIMISIp Trows £q PO2TOXd SOM UCTARTT 1950 polaad 4uoys omg
M MAd A0 yoTum Uy “(9%//cd ~ InoAeT ©ITOQ TNed uolrnod aya) Buise ear8p te2eielet votum uy “(9y/(23 - qmokey 2119Q T0ed ucirnog awl) BuiM varep
1*01°} oSy paddaao e Bujaey anoder SSaTTied ® JO STIPOU AL L*ot°t oGV Ppaddoao e 2ujaey anofer SSITIIEl © JO STIPOW dAld
(9v/23) (9y/L23)
ONIM VITHT ,S7 HLIM NY1d0M3AV SSITIIVI YV NO SIS3L ONIM VITX 6% HLIM RYIdOMIV SSATIIVLI ¥ NO SISIL
*STIION ONIXTd I *STII0OH HNIATI I]J
o/ 123y ) LIy €10°9°¢CS 16 STHA3dS DINOSNYSL IV ALITIEVLS 40 XanlS JKL ov/lea(ey) LIv £10°9°£€S A€ SIS DINOSNWHL IV X1ITIE¥IS 40 AQALS AHL
TE1°€10°9°CLS 1L €10°9°€¢S
22°EH0°69°CCS “¥ ‘aoudeH pue °1 ‘aoudame] ErAd% oM - 11 ¥ ‘Jomacy pue °] “a0udJmMe]
s€ep/eTr*C10°9°€4S L°€S61 $E€2V/2eV £10°9° €S 1-€551
2GE°110°6 1259 °¢€5 0222 OJdY *ON 930N UodL °qedsy 1JeJodly TrAoy 2GC°110°G 299" EES 0222 0J0% “ON 010N W99l *quasi 2JTJAJIIY TeAoy
TYLINGITANGD TYIINTILINGD
TYIINGFAI 4NOD TYIINTAT1INOD
#S30JN0S JOUYIO WOJJ SIUSUWRINSTAU Y3IM paedmoo *$301N0S JOYI0 WOJJ SIUITAMSLIW Y34 podeduod
oJe pue ‘paoupep uodq oAvy Sujduep Bujyoljd pue uojiisod aaquad aJe puv ‘paongap useq oaey Bujducp ujuad puc :ou‘ﬁmon 3JIUDD
o1meulpoade ‘adoTs aAanc 4JJT JO JaQunu yoeyld Y IM SuojleiJer ojweulpodee “‘adors OAQNO 2JIT JO JOQUINU YOTH Y [M SUOCJITIITA
aya ‘suollerTloso oyl Jo Bujduep pue Aouanbaly 2yl jo squdw ays *SuolaeTrIoso oyl Jo Sujdwep pue Aoudndaa) Oyl JO Sjudw
~3JNSeau WO °F*l > W > §°0 99ued Y3 U] UMOT] BJaR “s1d)00d -oJnsSesll WOI4 Pl > W D §°0 95uTa SY1 U] UMOTJ DJIM ‘S3axpooJ
€278} BujqunisIP TTRUS Aq P9I[OXd SeMm UOTICT[TOS0 pojaod JIoys 8yl g£z°1°8*1 3uTqQuUNISTP TTews AQ POIIOXO SUM UOFIBTTIOSU pofJdd JJoys oyl
1e2eb Ll yotum uj “(9y//2d - anofer earag Thed uolrnog ayl) ums eaTap IRTASSF A} yotuM Ul ‘(9y/l23 ~ anofer ©ITag TNed Uo3TNod 9Yl) BupM ©IToP
Lokt o5P paddoao ® Bujaey InoAer SSATTIed B JO STAPOW IATd teoi°L oG¥ paddouo e AupAcy INoAeT SSOTTIT1 © JO STIDOU DALY
(9%/L23) (9v/L23)
ONIM YIT3 ST HLIM GNYTdOWIV SSITTIVI V NO SISIL ONIM VITX ,S¥ BLIN BN714OYIY SSITIIVL ¥ NO SISIL
*STAQOH ONIZTA IS ~STIION ONIKTd FAdd
9%/ 23(2%) LIy €10°9°¢¢S 1d SATIJS DINOSNYHL I¥ XIITIGYIS 40 XQALS FHL 9%/ /23(2¥) LIy *£10°9°€€S Xd SU394S DINOSNYML IV X1ITI€YIS 40 XAnis FHL
SE1°€10°9°€¢S $EL°C10°9°€ES
12 CHO" 69°€55 *§ ‘JoWIeH pue "l ‘odudame] 22 EV0°69°€59 *§ SJOWIEH PUT *] €90udame]
2Cer /22y *L10°9°€ES 1°€561 sgey/eer £10°9°€€S 1 €561
$GE*110°6°269°€¢€6 0222 0JOV °ON 830N UQ3L "qQrasd 3JTJoJdiy Tudoy 26C110°6°259°€€S 0222 OJOY °ON 090N U990l °qeasd 2JUJoJaIv Tehoy
TYIINZII JNOO TYIINIAIANOO .




Defense Technical Information Center (DTIC)
8725 John J. Kingman Road, Suit 0944

Fort Belvoir, VA 22060-6218

U.S.A.

AD#. AD0004780
Date of Search: 14 Apr 2009

Record Summary: AVIA 6/23506
Title: Tests on tailless aeroplane with 45 deg delta wing (E27/46)
Availability Open Document, Open Description, Normal Closure before FOI Act: 30 years
Former reference (Department) Technical Note No Aero 2220
Held by The National Archives, Kew

This document is now available at the National Archives, Kew, Surrey, United
Kingdom.

DTIC has checked the National Archives Catalogue website
(http://www.nationalarchives.gov.uk) and found the document is available and
releasable to the public.

Access to UK public records is governed by statute, namely the Public
Records Act, 1958, and the Public Records Act, 1967.

The document has been released under the 30 year rule.

(The vast majority of records selected for permanent preservation are made
available to the public when they are 30 years old. This is commonly referred
to as the 30 year rule and was established by the Public Records Act of
1967).

This document may be treated as UNLIMITED.



